Introduction
============

Patient safety has received considerable public, professional, political, and scientific attention over the past decade. Although the human burden associated with adverse events is well established, the economic cost of patient safety has received less attention. Despite the substantial effort that has been expended to develop and implement safety improvements, there is uncertainty about both the economic impact of unsafe care and the improvement strategies that offer the best value. Significant resources have been expended across the world to reduce patient safety events through interventions, without clear improvements.[@b1-dhps-4-141],[@b2-dhps-4-141]

A fuller understanding of the economic burden of patient safety may inform health policy, health services research priorities, safety improvement priorities, and patient safety priorities. High quality data on economic burden of a condition are an essential component of comparative economic analyses such as cost-effectiveness analyses.

The objective of an economic burden study is to describe the economic impact of a patient safety target. These types of studies generally examine the overall cost of the condition to an environment (eg, acute care setting, society).

Economic burden studies should be based on rigorous analytical methods, be impartial and credible in the use of data, and be transparent for and accessible by the reader.[@b3-dhps-4-141] Economic burden studies are conducted using recognized frameworks which can be modified for specific target conditions. [@b4-dhps-4-141],[@b5-dhps-4-141] Drummond and Jefferson and Drummond et al constructed a checklist of economic parameters used worldwide. [@b6-dhps-4-141],[@b7-dhps-4-141] Economic burden studies should clearly outline the resource studies, the method for attributing costs to these resources, the method for measuring the resources used, the time frame for measuring the resources, and the economic perspective (hospital, third-party payer, or society) from which the resources were measured.

Our objective was to determine the quality of literature in costing of the economic burden of patient safety targets in the acute care environment.

Methods
=======

We developed a list of patient safety targets based on prior systematic reviews,[@b8-dhps-4-141] and existing national and international safety initiatives.[@b9-dhps-4-141],[@b10-dhps-4-141] Patient safety targets were based on three characteristics: (1) a clinical outcome (eg, hospital-acquired methicillin-resistant *Staphylococcus aureus* \[MRSA\] infection) or a surrogate with an established link to a clinical outcome (eg, MRSA colonization); (2) high specificity as a measure of patient safety, as opposed to being a naturally occurring condition; and (3) a sufficiently long history of measuring this outcome in the literature, such that some studies on the economic burden could be expected.

Patient safety targets included: adverse events, adverse drug events, ventilator-associated pneumonia, nosocomial urinary tract infection, antibiotic-resistant organism colonization, antibiotic-resistant organism infection, catheter-associated bloodstream infection, nosocomial *Clostridium difficile*-associated disease, surgical site infection, nosocomial pressure ulcers, wrong site surgery, retained surgical foreign bodies, contrast-induced nephropathy, nosocomial venous thromboembolism, and nosocomial fall-related injuries. We also included six improvement strategies (hand hygiene, rapid response teams, bundles, check-lists, automatic stop orders and bar coding) to ensure that we obtained all relevant economic literature that may not be captured through searches based solely on patient safety targets.

We sought burden-of-illness or cost-of-illness studies. A search was performed using the MEDLINE database for articles published between 2000 and 2010 using the following search terms for costs: "costs and cost analysis" (Medical Subject Headings \[MeSH\]), "cost-effectiveness" (text word), "cost" (text word), and "financial management, hospital" (MeSH). We also searched the Agency for Healthcare Research and Quality Patient Safety Network (see <http://psnet.ahrq.gov>) using the term "cost."

Reviews, editorials, and articles with no costing information in the abstract were excluded. One member of the study team (MK) excluded reviews, editorials, and articles with no costing information in the abstract. Two independent members of the study team (MK and EE) reviewed the remaining abstracts and obtained the full publication of any abstract considered potentially relevant by either member. Full publications of any abstracts considered potentially relevant were retrieved. Two investigators (EE and NM) independently evaluated each publication, using adapted relevant methodologic features (n = 21) as described by Drummond and Jefferson.[@b6-dhps-4-141] Each feature was arbitrarily scored one point, for a maximum score of 21. Features from the original list were excluded if they were not applicable to economic burden studies. If the two reviewer scores were within five points of one another, the higher score was taken. Otherwise, reviewers met to discuss and resolve discrepancies.

We report all cost data in 2010 United States dollars for comparative purposes between patient safety targets. The original year and currency is stated in the summary data. Each cost was first converted to US dollars of the same year as indicated in the publication using the Bank of Canada currency converter.[@b11-dhps-4-141] Then, each converted cost was inflated to 2010 US dollars using the United States Department of Labor Bureau of Labor Statistics inflation calculator.[@b12-dhps-4-141]

Results
=======

Our initial search yielded 1948 citations. We screened out 1749 abstracts that were review articles, editorials, or lacking in any costing information or results. We obtained and reviewed the remaining 199 publications. We excluded 41 publications for the following reasons: no evaluation of the economic burden of a patient safety target (n = 5), no primary data on economic burden (n = 23), not conducted in an acute care setting (n = 7) or were review papers with no primary data or analysis (n = 6). This left 158 potentially eligible publications. Ninety-seven (61%) of the 158 potentially eligible publications described no economic methodology despite reporting an estimate of economic burden and were excluded from further review ([Figure 1](#f1-dhps-4-141){ref-type="fig"}).

Methodologic quality
====================

For the remaining 61 studies, the median methodologic feature score was 15/21 (mean 14.6 ± 21, range 9--20). All studies had essential methodologic features such as a statement of the research question, a statement of the economic importance of the research question, and a justification of the economic viewpoint. Fewer than 50% of these 61 studies reported productivity changes, discussed the relevance of productivity changes, provided details of inflation adjustments or currency conversions, or described any sensitivity analyses. Studies used different methods for identifying attributable cost, including propensity scores, case--controls, and regression analysis ([Tables 1](#t1-dhps-4-141){ref-type="table"} and [2](#t2-dhps-4-141){ref-type="table"}).

There was heterogeneity in study populations, resources incorporated, methods and results, so economic burden summary for all patient safety targets could not be calculated. We summarize the methodologic feature scores and range of results for each type of adverse event in [Table 1](#t1-dhps-4-141){ref-type="table"}. The maximum score was 21. We provide detailed summaries of each study organized by patient safety target ([Table 3](#t3-dhps-4-141){ref-type="table"}).

General studies of adverse events and adverse drug events
---------------------------------------------------------

We identified eight studies of the economic burden of adverse events and adverse drug events published since 2000. Five of these studies used a retrospective cohort study design, and relied on regression analyses to determine the attributable costs. Of these, two articles broadly focused on any adverse event or hospital-acquired complication.[@b13-dhps-4-141],[@b14-dhps-4-141] An additional article evaluated the economic burden of a broad range of adverse events in patients with spinal cord injuries.[@b15-dhps-4-141] One article included five specific adverse events: medication errors, patient falls, urinary tract infection, pneumonia, and pressure ulcers.[@b16-dhps-4-141] Another article evaluated costs related only to surgical adverse events, but did not further define them.[@b17-dhps-4-141] The three remaining studies related to adverse events were either case series[@b18-dhps-4-141] or prospective cohorts with nested cases and controls.[@b19-dhps-4-141],[@b20-dhps-4-141] Two of these studies defined a case as any adverse events[@b19-dhps-4-141] or a case leading to a medical dispute.[@b18-dhps-4-141] One study specifically evaluated adverse drug events.[@b20-dhps-4-141]

Costs attributable to adverse events were \$4571[@b19-dhps-4-141] and \$10,074[@b14-dhps-4-141] in two studies. In patients with spinal cord injury, the cost attributable to adverse events was \$6258, but were significantly higher for specific complications; for example, procedural complications in these patients were associated with additional costs of \$20,183.[@b15-dhps-4-141] The cost attributable to adverse drug events was \$2830.[@b20-dhps-4-141] In another study, medication error in medical and surgical cases were associated with costs of \$361 and \$568, respectively.[@b16-dhps-4-141] Attributable length of stay related to adverse events ranged from 0.77 days to 32 days.[@b15-dhps-4-141],[@b19-dhps-4-141],[@b20-dhps-4-141] Three of the eight articles did not record length-of-stay data.[@b16-dhps-4-141]--[@b18-dhps-4-141]

Nosocomial infections (not otherwise specified)
-----------------------------------------------

We identified ten studies of the economic burden of general nosocomial infections not otherwise specified by type of infection. These included one prospective design, five retrospective cohort designs, three retrospective case control designs, and one decision model. Analytic methods included regression analysis, such as linear regression, multivariate regression, and ordinary least-squares regression analysis.

In general hospital populations, the cost per case of hospital-acquired infection ranged from \$2132 to \$15,018.[@b21-dhps-4-141]--[@b27-dhps-4-141] Hospital-acquired infections cost \$2910 in gastrectomy patients[@b28-dhps-4-141] and \$21,856[@b29-dhps-4-141] in neonates. The estimated costs of hospital-acquired infections over one fiscal year in New Zealand in medical patients were US\$5,626,640 and surgical patients were US\$4,803,046.[@b30-dhps-4-141]

Surgical site infections
========================

We found eight studies of the economic burden of surgical site infections. Study designs included prospective cohort (n = 1), retrospective cohorts (n = 3), retrospective case control (n = 2), and two nested case control designs. The average cost per case of surgical site infection in a general patient population was reported to be \$1105,[@b22-dhps-4-141] \$2604,[@b31-dhps-4-141] and \$14,422[@b32-dhps-4-141] in three studies. In orthopedic patients, the median attributable cost of surgical site infection was \$24,058.[@b33-dhps-4-141] Surgical site infection in patients after colorectal procedures was \$14,868,[@b34-dhps-4-141] head-and-neck cancer-related surgery was \$22,234,[@b35-dhps-4-141] coronary artery bypass graft procedures were \$10,245,[@b36-dhps-4-141] and low transverse cesarean delivery were \$2888 to \$3574[@b37-dhps-4-141] per case. The latter study found similar attributable costs for surgical site infections using two different statistical methods for attributing costs (attributable cost for surgical site infection was \$3529 by regression and \$2852 by propensity score).[@b37-dhps-4-141]

Nosocomial bloodstream infections
---------------------------------

We found ten studies of the economic burden of nosocomial blood stream infections (one prospective, three retrospective cohorts, five retrospective case controls, and one case series).

In general European patient populations, nosocomial bloodstream infection was associated with costs ranging from \$2604 to \$22,414.[@b22-dhps-4-141],[@b31-dhps-4-141],[@b38-dhps-4-141]--[@b41-dhps-4-141] One American study reported average incremental costs of \$21,013.[@b42-dhps-4-141] In a pediatric intensive care unit (ICU), nosocomial bloodstream infection was estimated to cost \$49,663.[@b43-dhps-4-141] Very-low-birth-weight infants with nosocomial bloodstream infection incurred average total costs \$71,384 higher than those without the infection.[@b44-dhps-4-141] *S. aureus* bacteremia in patients with prosthetic implants was associated with \$81,743 in costs per nosocomial case in one prospective case series.[@b45-dhps-4-141]

Nosocomial sepsis
-----------------

We found two studies of the economic burden of nosocomial sepsis. In one retrospective cohort study, nosocomial sepsis was associated with mean additional costs of \$33,872[@b46-dhps-4-141] per case. In one prospective cohort, ICU-acquired sepsis was associated with a mean increase of \$44,178 in total costs per case.[@b47-dhps-4-141]

Nosocomial rotavirus infection
------------------------------

We reviewed three studies of nosocomial rotavirus infection. One prospective cohort study estimated the costs associated with nosocomial rotavirus infection in children under 30 months of age, but did not provide a per-case result; this study estimated that the national cost of all cases in 1 year in Italy is \$11,952,319.[@b48-dhps-4-141] Rotavirus in children under 48 months of age was associated with \$3591 in costs per case in one prospective case series.[@b49-dhps-4-141] One prospective study with a nested case control reported \$2210 in mean excess costs per case.[@b50-dhps-4-141]

Nosocomial urinary tract infection
----------------------------------

We found four studies of the economic burden of nosocomial urinary tract infections. These included one prospective, two retrospective cohorts, and one retrospective case control study. The average costs attributable to urinary tract infection ranged from \$788 to \$18,717.[@b22-dhps-4-141],[@b31-dhps-4-141],[@b51-dhps-4-141],[@b52-dhps-4-141]

Nosocomial pneumonia
--------------------

We found four studies of the economic burden of nosocomial pneumonia. Two studies were prospective cohort studies and found that nosocomial pneumonia was associated with average additional costs of \$856[@b53-dhps-4-141] and \$23,624.[@b35-dhps-4-141] One German article detailed both a prospective case control and a retrospective case control, reporting average excess costs of \$10,387 and \$21,057, respectively.[@b54-dhps-4-141] In one study, the average cost attributable to ventilator-associated pneumonia in a pediatric ICU was \$55,333.[@b55-dhps-4-141]

Nosocomial respiratory tract infection
--------------------------------------

We included three studies on the economic burden of nosocomial respiratory tract infections: one retrospective cohort, one retrospective case control, and one case control study.

Respiratory tract infections were associated with additional mean costs of \$3476[@b31-dhps-4-141] and \$4509[@b22-dhps-4-141] in two studies, respectively. In one additional study, a case was defined as an infection of nosocomial respiratory syncytial virus; this infection was associated with mean costs of \$13,083 per case.[@b56-dhps-4-141]

Miscellaneous nosocomial infections
-----------------------------------

We included 12 studies that described the economic burden of miscellaneous nosocomial infections. During a *Pseudomonas aeruginosa* outbreak, it was retrospectively estimated that infected patients who had been on mechanical ventilation incurred excess costs of \$26,522.[@b57-dhps-4-141] Another retrospective case series investigated the economic impact of a norovirus outbreak that affected patients and staff, and did not provide a per-case cost estimate; dividing the total outbreak costs by the given number of case infections yielded a crude estimate of \$1282 per case;[@b58-dhps-4-141] another similar study yielded an estimate of \$2972 per case of outbreak-related norovirus.[@b59-dhps-4-141] In one drug-resistant *Salmonella typhimurium* outbreak in a Turkish neonatal ICU, cases incurred charges \$1208 higher than controls.[@b60-dhps-4-141] A pertussis outbreak incurred total hospital costs of \$34,956 and \$50,668 in two hospitals.[@b61-dhps-4-141] The attributable costs during a *Salmonella* outbreak in one Australian tertiary care complex were reported in total costs rather than per case, and dividing by the number of cases yields an estimate of \$2552 per case.[@b62-dhps-4-141] One retrospective case control study defined a case as a multidrug-resistant infection of *Acinetobacter baumannii* in burn patients, and reported a mean additional cost per case of \$121,371.[@b63-dhps-4-141] In one Irish hospital, postoperative MRSA infection incurred additional costs of \$13,651.[@b64-dhps-4-141] Another retrospective case series reported the attributable cost of MRSA to be \$123,367 and vancomycin-resistant *Enterococcus* (VRE) to be \$128,690.[@b65-dhps-4-141] One prospective study with a nested case control reported a median incremental cost of \$9708 per case of *Clostridium difficile*-associated disease (CDAD).[@b66-dhps-4-141] One case control study reported the attributable costs of VRE in the medical ICU and in hospital to be \$9543 and \$14,532, respectively.[@b67-dhps-4-141] One retrospective cohort study examined the cost associated with potentially preventable complications and found it to be \$634,432,559.[@b68-dhps-4-141]

Nosocomial venous thromboembolism (VTE)
---------------------------------------

We identified two burden studies published since 2000. One study focused on nosocomial deep vein thrombosis after hip replacement surgery.[@b69-dhps-4-141] The cost of deep vein thrombosis was modeled in patients undergoing total hip replacement surgery, with Markov decision and univariate analyses. The article reported the annual per-patient cost of deep vein thrombosis to be \$4676. Also provided are the discounted lifetime costs of \$3779, as well as costs specific to deep vein thrombosis-related complications, namely post-thrombotic syndrome with ulcer (\$4700) and pulmonary embolism (\$8131). A retrospective US study of deep vein thrombosis (n = 15,679), pulmonary embolism (n = 7653) and post-thrombotic syndrome (n = 624) found annual attributable direct medical costs of \$19,430 for deep vein thrombosis, \$21,033 for pulmonary embolism, \$28,713 for combined deep vein thrombosis, and pulmonary embolism, and \$5455 for patient safety target. This study did not explicitly distinguish cases of nosocomial deep vein thrombosis, but 78% of the study cohort had abdominal or orthopedic surgery prior to the index venous thrombosis event.[@b70-dhps-4-141]

Nosocomial falls
----------------

We reviewed three burden-of-illness studies related to nosocomial falls. Two studies were case series.[@b71-dhps-4-141],[@b72-dhps-4-141] The third study had a prospective cohort design.[@b73-dhps-4-141] One study[@b73-dhps-4-141] identified cases only in patients aged over 60 years. One study focused on legal compensation rather than hospital-related costs,[@b72-dhps-4-141] and neither of the other two articles[@b71-dhps-4-141],[@b73-dhps-4-141] clearly stated what methods were used for determining attributable costs. There was one additional case control study reported attributable length of stay, but not costs.[@b74-dhps-4-141]

Oliver found that 60.5% of legal claims related to in-hospital falls resulted in payment of costs or damages, with mean payment of \$25,793.[@b72-dhps-4-141] Nurmi provided the cost per treating an in-hospital fall, estimated at \$1359.[@b73-dhps-4-141] The third study did not describe costs per case or per fall, but did provide the total estimated attributable cost of all cases included in the study; dividing by the provided number of cases yields a crude estimate of \$3230 per case.[@b71-dhps-4-141]

We did not find any eligible studies for the following target conditions: nosocomial pressure ulcers, wrong site surgery, retained surgical foreign bodies, contrast inducted nephropathy.

Discussion
==========

We found that 61% of published studies on the economic burden of patient safety targets in acute care describe or report no clear costing methodology. Among the remaining 61 studies (39%), which did report costing methodology, there were wide variations in methodologic features and methods for attributing costs. These studies report wide estimates of the economic burden of patient safety in acute care. For example, the attributable costs of patient safety targets ranged from \$2000 to \$200,000. In general hospital populations, the cost per case of hospital-acquired infection ranged from \$2132 to \$15,018. Nosocomial bloodstream infections were associated with costs ranging from \$2604 to \$22,414. We also found no adequate economic burden data for important patient safety, such as wrong site surgery, retained surgical foreign bodies, contrast-induced nephropathy, and acute care-acquired pressure ulcers.

Our results are consistent with the few prior reviews of the economic burden of patient safety in the acute care setting. A 2005 review identified 165 articles that included an economic analysis as an objective, but 35% of these articles provided no economic analysis, and 25% provided no primary economic data. The remaining studies had significant gaps in their costing methodology, and only 16% conducted sensitivity analyses that could address these limitations.[@b75-dhps-4-141] Another review of comparative economic evaluations of patient safety programs identified 40 studies published between 2001 and 2004, none of which provided sufficient information about both the cost of the prevention program and the cost of the patient safety being targeted.[@b76-dhps-4-141] A 1999 study estimated the economic burden of patient safety in Utah and Colorado at \$1,442,024 per event (1996 US dollars). This early estimate is much higher than estimates in our systematic review, because the 1999 study evaluated not just direct acute care costs, but also outpatient direct health care costs after the event, as well as indirect (societal) costs such as lost workforce productivity up to age 75 years. None of the adverse event studies in our review considered this broad range of costs for a prolonged time horizon.[@b77-dhps-4-141]

Our findings, in conjunction with these prior reviews, indicate that greater attention is needed to the methodologic standards for evaluating the economic burden of patient safety in the acute care setting. Better knowledge of the economic burden of patient safety will inform decisions about health policy, patient safety research programs, and improvement priorities. High quality economic burden studies are an essential component of comparative economic analyses, such as cost effectiveness studies. Most of the studies we identified considered only the acute care hospital economic perspective, but the economic perspective should extend beyond the acute care hospital, as it has been estimated that 22%--66% of the economic burden of patient safety in acute care are borne by the hospital.[@b78-dhps-4-141],[@b79-dhps-4-141] Economic burden studies for patient safety should explicitly consider cost categories, legal, marketing and operational perspectives (direct or indirect), and time frames (including short- and long-term effects). There are also important methodologic considerations when attributing costs to patient safety, rather than the patient's underlying condition. These considerations include the reliability of data sources used to identify patient safety, the adequacy of methods to control for confounding factors such as comorbidity and severity of illness, and the appropriateness of estimation methods including the incorporation of adverse event timing, matching methods, and regression modeling.[@b80-dhps-4-141] Differential timing of the occurrence of patient safety can lead to wide estimates of attributable costs.[@b81-dhps-4-141]--[@b83-dhps-4-141]

Our review has several important limitations. First, we focused on studies published between 2000 and 2010 and indexed in MEDLINE. Studies outside of our search strategy may contain potentially useful data. For example, we did not include a 2010 study by the Society of American Actuaries because it was not indexed in MEDLINE.[@b84-dhps-4-141] However, our finding that 61% of studies provide no or limited costing methodology would be unchanged by the inclusion of a few additional studies. Second, we focused only on patient safety targets in the acute care setting. We did not include studies of patient safety targets from other settings, such as community or chronic care. Third, we did not evaluate the interrater reliability of our methodologic reviews. Our review method was designed to yield higher methodologic ratings, as we always took the higher rating of the two reviewers, yet we still identified a significant lack of methodologic features. Fourth, we arbitrarily assigned one point for each methodologic feature, so that we could report a simple summary measure of methodologic features. However, we recognize that methodologic features are not necessarily equally weighted. Finally, there was heterogeneity in study methods. Variability in costing and methodologic features made it impossible to generate summary estimates of economic burden for all patient safety targets.

In summary, the burden of patient safety targets ranged from as little as \$2000 to \$200,000 in hospitalized individuals to \$600 million at a population level. These results are dependent on the resources and costs included in the analysis. We found that the majority of published studies on the economic burden of patient safety targets in acute care described no costing methodology. The methodologic quality of the remaining studies was moderate, but there were wide variations in methodologic quality and methods for attributing costs. Greater attention is needed to the methodologic standards for evaluation of economic burden. This study highlights the limitations in the methods required to conduct economic evaluations in patient safety. Such limitations make decision-making regarding the adoption of patient safety initiatives difficult. The identification of limitations will allow for focused work on their improvement and will allow for the development of guidelines for future economic evaluation in patient safety.
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###### 

Summary of studies of economic burden of patient safety targets in acute care (detailed summary of each study is in [Table 3](#t3-dhps-4-141){ref-type="table"})

                                                    Number of studies                              Mean methodologic feature score \[median, range\]   Study design
  ------------------------------------------------- ---------------------------------------------- --------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Adverse events and adverse drug events            8                                              13 \[13, 12--16\]                                   Retrospective cohort study (n = 5), prospective cohorts with nested cases and controls (n = 2), case series (n = 1)
  Nosocomial infections (not otherwise specified)   10                                             14 \[15, 12--16\]                                   Prospective study (n = 1), retrospective cohort (n = 5), retrospective case control study (n = 3), decision model (n = 1)
  Surgical site infections                          8                                              14 \[14.5, 11--17\]                                 Prospective study (n = 1), retrospective cohort (n = 3), retrospective case control study (n = 2), nested case control (n = 2)
  Nosocomial bloodstream infections                 10                                             14 \[15, 9--18\]                                    Prospective study (n = 1), retrospective cohort (n = 3), retrospective case control study (n = 5), case series (n = 1)
  Nosocomial sepsis                                 2                                              17 \[17.5, 15--20\]                                 Prospective cohort (n = 1), retrospective cohort (n = 1)
  Nosocomial rotavirus infections                   3                                              14 \[14, 13--15\]                                   Prospective cohort (n = 1), prospective case series (n = 1), nested case control (n = 1)
  Nosocomial urinary tract infection                4                                              13 \[15, 9--15\]                                    Prospective cohort (n = 1), retrospective cohort (n = 2), retrospective case control (n = 1)
  Nosocomial pneumonia                              4                                              14 \[13--15\]                                       Prospective cohort (n = 2), prospective/ retrospective case control (n = 1), retrospective case control (n = 1)
  Nosocomial respiratory tract infection            3                                              15 \[15, 15--15\]                                   Retrospective cohort (n = 1), retrospective case control (n = 1), one case control (n = 1)
  Miscellaneous nosocomial infections               12                                             15 \[14.5, 12--20\]                                 Prospective nested case control (n = 1), case control (n = 1), retrospective case series (n = 4), retrospective case control (n = 2), retrospective cohort (n = 3), retrospective nested case control (n = 1)
  Nosocomial venous thromboembolism                 2                                              17 \[17, 16--18\]                                   Decision analysis (n = 1), retrospective observational cohort study (n = 1)
  Nosocomial falls                                  3                                              15 \[15, 14--16\]                                   Prospective cohort (n = 1), case series (n = 2)
  Total                                             68[a](#tfn2-dhps-4-141){ref-type="table-fn"}                                                       

**Note:**

Sixty-one studies in total, of which three reported outcomes for more than one type of infection, therefore the total listed in [Table 2](#t2-dhps-4-141){ref-type="table"} is 68.

###### 

Methodologic characteristics of studies of economic burden of patient safety events in acute care (n = 61)

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Methodologic feature                                                                                                   Studies with this feature present % (n)   Example of information used in the analysis
  ---------------------------------------------------------------------------------------------------------------------- ----------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Study design**                                                                                                                                                 

  The research question is stated                                                                                        100% (61)                                 "The aim of this study was to evaluate the epidemiology, additional length of stay, incremental costs and outcomes due to hospitalacquired infections, and to estimate the potential impact of infection control on community hospitals and medical centers."[@b26-dhps-4-141]

  The economic importance of the research question is stated                                                             100% (61)                                 "More recently, an argument has been made to focus on direct costs (primarily consumables), because they are most subject to savings by implementation of effective infection control interventions."[@b37-dhps-4-141]

  The viewpoint(s) of the analysis are clearly stated and justified                                                      100% (61)                                 "The main focus of costs calculated in this study was the health care sector."[@b13-dhps-4-141]

  The form of economic evaluation used is stated                                                                         67% (41)                                  "Economic burden of surgical site infections at a European university hospital."[@b32-dhps-4-141]

  The choice of form of economic evaluation is justified in relation to the questions addressed                          67% (41)                                  "To quantify the economic and medical burden of SSIs in a European university hospital, we conducted a matched casecontrol study nested in a larger prospective observational study."[@b32-dhps-4-141]

  **Data collection**                                                                                                                                              

  The primary outcome measure(s) for the economic evaluation are clearly stated                                          74% (45)                                  "Data on the predicted number of cases of hospital-acquired infection were combined with data on the estimated prolongation of stay due to hospital-acquired infection. This produced an estimate of the number of bed days attributable to hospital-acquired infection. Valuations of the opportunity cost of the resources used to supply a bed day were applied to derive a monetary estimate of the opportunity cost of hospital-acquired infection."[@b30-dhps-4-141]

  Productivity changes (if included) are reported separately                                                             11% (7)                                   "Lost productivity costs due to hospital staff members on sick leave totaled €9,264."[@b58-dhps-4-141]

  The relevance of productivity changes to the study question is discussed                                               15% (9)                                   "Additional expenses were €18,375 for increased nursing care (extra staffing of temporary isolation ward)."[@b58-dhps-4-141]

  Quantities of resources are reported separately from their unit costs                                                  72% (44)                                  "All patients staying more than 24 hours in a 19-bed MICU at Barnes-Jewish Hospital from Jul 1, 1997 to Dec 31, 1999 were eligible. All health care workers and visitors were required to wear gowns and gloves on entry into the rooms of patients colonized or infected with VRE from Jul 1, 1997 to Jun 30, 1998 and from Jul 1, 1999 to Dec 31, 1999. All patients were actively screened\[...\]. A matched cohort study design was used to determine the attributable cost of VRE. Patients without VRE from the same \[medical intensive care unit\] population were matched to patients with VRE by diagnosis-related group (DRG) code, APACHE score, and age.VRE-attributable length of MICU stay (d): 4.0, 18.9, 35.3 VRE-attributable LOS (d): 8.3, 38.2, 18.9."[@b67-dhps-4-141]

  Methods of the estimation of quantities and unit costs are described                                                   88% (54)                                  "Overall costs for the vancomycin-resistant *Enteroccoci* surveillance and infection control program were estimated using the hospital's step-down cost allocation system, which recorded line-item cost data per resource consumed and total cost per hospital admission. MICU costs were estimated from these data by dividing the patient's total hospitalization cost by total days of hospitalization and then multiplying the quotient by the patient's total MICU-days. This data system also provided hospital reimbursement data, type of insurance, case-mix index, and DRG.\
                                                                                                                                                                   Variable cost -- gown \$0.75 each-- gloves \$0.07/pair-- hand hygiene \$0.10/use-- nursing time \$27/hour-- isolation cart set up \$18.00-- V RE-negative \$12.13-- V RE-positive \$24.29"[@b67-dhps-4-141]

  Currency and price data are recorded                                                                                   80% (49)                                  "Costs are reported in 2001 Euros (1€ = US \$0.95)."[@b46-dhps-4-141]

  Details of currency of price adjustments for inflation or currency conversion are given                                39% (24)                                  "All costs were adjusted to 1999 dollars using the consumer price index for health care."[@b44-dhps-4-141]

  **Analysis and interpretation of results**                                                                                                                       

  Time horizon of costs and benefits is stated                                                                           87% (53)                                  "In the hospital X, a total of 90 persons with symptoms and signs consistent with norovirus gastroenteritis with clinical onsets in the time period from Dec 1, 2006 to Feb 13, 2007 were reported."[@b58-dhps-4-141]

  Details of statistical tests and confidence intervals are given for stochastic data                                    95% (58)                                  "Using logistic regression, preoperative antibiotic therapy (cefazolin/metronidazole vs cefotetan), patient demographics, surgical procedure, obesity, and modified SECNIC score were examined as predictors of LOS ≥ 1 week and cost ≥\$15,000."[@b34-dhps-4-141]

  The approach to sensitivity analysis is given                                                                          30% (18)                                  "Models 2 and 3 incorporated additional cost predictors sequentially: suspected and confirmed HAI and ICU treatment."[@b23-dhps-4-141]

  The choice variables for sensitivity analysis is justified                                                             30% (18)                                  "Several parameters were changed to determine the impact of our four main assumptions on the net benefits of gowns."[@b67-dhps-4-141]

  The ranges over which the variables are varied are stated                                                              31% (19)                                  "The variation between 60 to 140 patient contacts yielded net benefits of \$388,664 and \$450,017, respectively. The variable of 1 to 4 cultures per patients resulted in net benefits of \$418,188 and \$421,464, respectively. The variation in costs of labor and materials results in net benefits of \$406,488 and \$435,426, respectively."[@b67-dhps-4-141]

  Major outcomes are presented in a disaggregated as well as aggregated form[a](#tfn4-dhps-4-141){ref-type="table-fn"}   54% (33)                                  "Cost data were available for all of the 164 patients admitted after Jul 1, 1999."[@b45-dhps-4-141]

  The answer to the study question is given                                                                              98% (60)                                  "In conclusion, in the presence of prompt catheter removal and initiation of antimicrobial therapy, no significant attributable mortality could be documented in critically ill patients. However, increases in the durations of ICU and hospital stay contribute to an important economic burden. These significant increases in cost underscore the need to vigorous application of evidence-based cost-effective preventive measures."[@b38-dhps-4-141]

  Conclusions follow from the data reported                                                                              98% (60)                                  "Prevention of MRSA infection is essential if we are to minimize its major impact on individual patients and if we are to get the most effective use of health care resources."[@b64-dhps-4-141]

  Conclusions are accompanied by the appropriate caveats                                                                 93% (57)                                  "It should be understood that the cost of an infection, if avoided, will not be realized as a cash saving. Many of the costs/benefits are fixed and it is principally the variable costs/benefits (for example drugs and other consumables), which represent a small proportion of the total costs, that would show as cash savings, and as such an expenditure that could be avoided."[@b27-dhps-4-141]
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:**

When the major outcomes are presented in aggregated form the overall cost is stated, for example, surgical site infections cost \$10,000. If the major outcomes are presented in disaggregated form the different components that make up the overall cost is stated. For example, surgical site infections cost \$10,000, of that professional costs were \$3000, medication costs were \$2000 and hospitalization costs were \$5000. (Numbers used are for illustration only).

**Abbreviations:** LOS, length of stay; MRSA, methicillin-resistant *Staphylococcus aureus*; VRE, vancomycin-resistant *Enterococcus*.
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Detailed summary of systematic review

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study, methodologic feature score                                                                      Design                                                       Method for estimating attributable cost                                                                                        Resources measured                                                                                                                           Source of resource cost (currency, year)                                                                                      Sample population (time horizon)                                                                                                                                   Case definition                                                                                                                       Incidence                                                                                                                            Attributable LOS                                                                                                   Estimated attributable cost
  ------------------------------------------------------------------------------------------------------ ------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------ -------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------ ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **General studies of adverse events and adverse drug events**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Hoonhout[@b13-dhps-4-141] Methodologic feature score = 16                                              Retrospective cohort                                         Multivariate multilevel analysis                                                                                               Direct medical costs, based on additional LOS and additional medical procedures                                                              Dutch guideline prices of 2003, corrected for 2004 (€, 2004)                                                                  7926 patients of which 451 patients with AEs in 21 Dutch hospitals (Aug 2005--Oct 2006)                                                                            Any AE: an unintended injury resulting in temporary/ permanent disability, death, extra LOS, caused by health care                    5.7%                                                                                                                                 University hospitals: 10.1 additional days\                                                                        Attributable costs of all\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              General: 8.9 additional days                                                                                       AEs: mean €4446 per AE\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 Excess costs of preventable AEs: mean €3634 per AE

  Ehsani[@b14-dhps-4-141] Methodologic feature score = 13                                                Retrospective cohort                                         Simple linear regression modeling                                                                                              Total cost of per-patient care from database (not further described)                                                                         Patient-level costing dataset of the Victorian Department of Human Services (AU\$, year unclear)                              Of 979,834 admissions, 67,609 had an AE, 45 hospitals in Victoria, Australia (Jun 2003-- Jul 2004)                                                                 Any AE, identified via diagnosis codes                                                                                                6.9% had at least 1 AE                                                                                                               10 additional days                                                                                                 AU\$11,846 per AE

  New[@b15-dhps-4-141] Methodologic feature score = 12                                                   Retrospective cohort                                         Ordinary least squares regression analysis                                                                                     LOS, surgical and medical procedures, laboratory tests                                                                                       Hospital accounting database (AU\$, 2004)                                                                                     Of 1605 SCI patients, 610 with one complication, in 45 campuses of 26 AU health services (Jun 2003--Jun 2004)                                                      At least one AE or HAC in a patient with SCI                                                                                          38% of multiday SCI episodes had at least 1 incident complication                                                                    32 additional days                                                                                                 Additional costs, any complication: AU\$7359\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 UTI: AU\$23,705\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 Procedural complications: AU\$21,821\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 Anemia: AU\$18,047\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 Pressure ulcer: AU\$17,882

  Pappas[@b16-dhps-4-141] Methodologic feature score = 12                                                Retrospective cohort                                         Regression analysis                                                                                                            Nursing staff hours per patient day, clinical outcomes, patient-level data                                                                   Cost accounting system/ l Eclipsys TSI (US\$, year unstated)                                                                  Of 3200 inpatients.\                                                                                                                                               Nosocomial AEs including medication error, fall, UTI, pneumonia, and pressure ulcer                                                   Medical patients: 21.5% surgical patients: 14.4%                                                                                     Not available                                                                                                      Medical patients: \$1029 per AE\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                Medical patients: 688 Surgical patients: 461; 2 hospitals from hospital databases (24 month)                                                                                                                                                                                                                                                                                                                                                                                                                                                                     Surgical patients: \$903 per AE

  Morris[@b17-dhps-4-141] Methodologic feature score = 12                                                Retrospective cohort                                         Unclear                                                                                                                        Hospital charges, costs, legal fees and indemnity payments, legal write-offs                                                                 Unclear (assumed US\$, year unstated)                                                                                         130 cases out of 32,100 patients over age 13 (Jan 1, 1995--Dec 6, 1999)                                                                                            Surgical AEs, not further specified                                                                                                   0.4%                                                                                                                                 Not available                                                                                                      Total legal payment for the study group (126) was \$8.2 million

  Aoki[@b18-dhps-4-141] Methodologic feature score = 15                                                  Case series                                                  Multivariate logistic analysis                                                                                                 Legal compensation in medical disputes                                                                                                       Medical dispute records (US\$, 2007; converted from JP yen)                                                                   155 resolved medical dispute cases in Japan (1989--1998)                                                                                                           Any medical dispute case resolved during the study period                                                                             Not available                                                                                                                        Not available                                                                                                      Legal compensation for an AE claim was mean \$38,937, median \$7417

  Kaushal[@b19-dhps-4-141] Methodologic feature score = 14                                               Prospective with nested case control                         Matched case-control, linear regression model                                                                                  Charges, actual variable costs, actual fixed costs, actual direct variable costs and actual direct fixed costs                               Hospital TSI database (US\$, 2003)                                                                                            108 cases matched with 375 controls in 1 hospital MICU and cardiac care unit (Jul 2002--Jun 2003)                                                                  Any AE, detected via observation, reports, and guided implicit chart abstraction                                                      Not available                                                                                                                        MICU, AEs: 0.77 additional days\                                                                                   \$3961 in the MICU, \$3857 in the cardiac care unit
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              Cardiac care unit AEs: 1.08 additional days                                                                        

  Senst[@b20-dhps-4-141] Methodologic feature score = 13                                                 Prospective with nested case control                         Case control, multiple linear regression model                                                                                 Charges converted to costs                                                                                                                   Prospectively recorded charges (US\$, year unclear)                                                                           Of 3187 admissions 134 had an ADE, in 1 US health care network including 4 hospitals and 26 clinics (53-day study period, 1998)                                    ADE: an injury caused by the use, disuse or misuse of a drug via error or despite proper usage                                        4.2%                                                                                                                                 1.2 additional days                                                                                                \$2162 per ADE

  **Nosocomial infections (not otherwise specified)**[a](#tfn7-dhps-4-141){ref-type="table-fn"}                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Chen[@b21-dhps-4-141] Methodologic feature score = 15                                                  Retrospective analytic cohort                                Stratified analysis and regression model                                                                                       LOS, physician services, medical and surgical procedures, lab and radiology, unit costs                                                      Hospital database (US\$, 2001)                                                                                                778 patients admitted to 3 ICUs in 1 hospital between Oct 2001 and Jun 2002                                                                                        Any nosocomial infection (such as BSI, UTI, SSI) confirmed by culture, symptoms and an attending physician                            10.2% had at least one nosocomial infection                                                                                          18.2 additional days                                                                                               \$3306 additional costs per nosocomial infection

  Chen[@b22-dhps-4-141] Methodologic feature score = 15                                                  Retrospective analysis of a prospectively assembled cohort   Generalized linear modeling                                                                                                    Medical and surgical procedures, medications, lab investigation, ICU bed-days                                                                Hospital database, microcosting (US\$, 2007, converted from Taiwanese dollars)                                                401 NIs in 320 of 2757 patients, in 4 ICUs in one hospital in Taiwan\                                                                                              BSI, UTI, SSI, respiratory tract infection "and others" diagnosed ≥ 48 hours after admission to ICU                                   14.5 NI episodes per 100 admissions                                                                                                  Not available                                                                                                      \$10,015 attributable cost per case
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                (2003--2004)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

  Roberts[@b23-dhps-4-141] Methodologic feature score = 16                                               Retrospective cohort                                         Ordinary least-squares regression and economic models                                                                          Location of care (ICU, ward, etc), lab and radiography tests, procedures, consultations and medication                                       Data abstracted from medical records, microcosting (US\$, 1998)                                                               25 patients with HAI in one urban teaching hospital (Jan--Dec 1998)                                                                                                Any HAIs, according to the CDC's NNIS                                                                                                 15.2%                                                                                                                                10.7 additional days                                                                                               Incremental costs attributable to suspected\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 HAI: \$6767 confirmed HAI: \$15,275

  Kilgore[@b24-dhps-4-141] Methodologic feature score = 13                                               Retrospective cohort                                         Multivariable regression models and restricted models                                                                          Total, variable costs of inpatient care, LOS                                                                                                 Cardinal Health-MedMined database (US\$, 2007)                                                                                Of 1,355,647 admissions, 58,293 had an NIM. Over 69 months from 55 hospital databases (Mar 2001--Jan 2006)                                                         Any nosocomial infection, identified via NIM                                                                                          Overall NIM rate was 4.3%                                                                                                            5.4 additional days                                                                                                NIMs are associated with attributable costs of US\$12,197

  Esatoglu[@b25-dhps-4-141] Methodologic feature score = 12                                              Retrospective case control                                   Matched 1:1 by age, sex, clinic, primary diagnosis of the infected patients                                                    LOS, medical goods/materials, drugs, tests, beds, treatments and other costs.                                                                Unspecified, presumably hospital accounting database (US\$, 2001)                                                             57 patients with HAI matched 1:1, in one hospital in Ankara, Turkey (Sep--Dec 2001)                                                                                Any HAI, not further described                                                                                                        Not available                                                                                                                        Mean 23 additional days                                                                                            HAI mean additional cost: US\$2026.70

  Sheng[@b26-dhps-4-141] Methodologic feature score = 12                                                 Retrospective case control                                   Matched 1:1 by age ± 2, sex, underlying illness, operation(s), admission date 28 days, ward, diagnosis and severity            Costs of stay, medication, lab procedures, materials and services, nursing care                                                              Hospital finance departments (US\$, 2002)                                                                                     273 adult case-control pairs, from 2 community hospitals and 1 tertiary medical center (Oct--Dec 2002)                                                             Patients aged ≥ 16 years with onset of any infection ≥ 48 hours after admission or within 1 week of discharge                         Not available                                                                                                                        19.67 additional days                                                                                              US\$5189 in mean additional costs

  Plowman[@b27-dhps-4-141] Methodologic feature score = 16                                               Prospective cohort                                           Linear regression model                                                                                                        Resources, LOS, care and treatment, paid staff time, nursing costs, unit costs for lab, radiology and other diagnostic procedures            Costs estimated for specialty via interviewing health care professionals, hospital database (GBP, year unclear)               4000 adults in one general hospital in London, England, of which 312 had an HAI (Apr 1994-- May 1995)                                                              Any HAI                                                                                                                               Incidence of HAIs: 7.8%                                                                                                              14.1 additional days                                                                                               Mean additional costs due to HAI at any site: £3154 (model estimate £2917)

  Lee[@b28-dhps-4-141] Methodologic feature score = 13                                                   Retrospective cohort                                         Linear regression models                                                                                                       Third part payer's overall hospital costs, increased LOS (postsurgical), antibiotic costs                                                    Quality Indicator/Improvement Project database (US\$, 2007, converted from JP yen)                                            1058 gastrectomy patients from 10 JP hospitals, of which 215 had any HAI (Apr 2004--Jan 2007)                                                                      Diagnosed with any HAI                                                                                                                HAI incidence 20.3%                                                                                                                  10.6 days attributable                                                                                             Attributable HAI costs: US\$2767 (range \$1035--\$6513)

  Mahieu[@b29-dhps-4-141] Methodologic feature score = 15                                                Retrospective cohort with nested case control                Matched by gestational age and early post-natal co-morbidity factors                                                           Charges and LOS                                                                                                                              Charges from hospital discharge abstracts and patient files (€, 1995)                                                         Of 515 neonates in one Belgian NICU, 69 had one or more HAI (Oct 1993--Dec 1995)                                                                                   Infections ≥ 48 hours after admission to NICU and treated with IV antibiotics for 5+ days were considered nosocomial                  13% incidence of one or more HAI                                                                                                     Mean 24 additional days                                                                                            Mean extra charge with HAI was €11,750

  Graves[@b30-dhps-4-141] Methodologic feature score = 15                                                Decision model                                               Monte Carlo simulation                                                                                                         Estimated literature cost per bed-day, literature estimates of increased LOS, medical and surgical services                                  Database and literature values for NZ hospitals (US\$, year unstated)                                                         Any/all recorded admissions, NZ hospitals (1998--1999)                                                                                                             HAI reported in database                                                                                                              No overall incidence reported                                                                                                        Not collected in study                                                                                             Not reported per case. Estimated national costs of HAI over fiscal year in NZ, medical patients: NZ\$4,569,826.\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 Surgical: NZ\$3,900,922

  **Surgical site infections**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

  Chen[@b22-dhps-4-141] Methodologic feature score = 15                                                  Retrospective analysis of a prospectively assembled cohort   Generalized linear modeling                                                                                                    Medical and surgical procedures, medications, lab investigation, ICU bed-days                                                                Hospital database, microcosting (US\$, 2007, converted from Taiwanese dollars)                                                401 NIs in 320 of 2,757 patients, in 4 ICUs in one hospital in Taiwan\                                                                                             BSI, UTI, SSI, respiratory tract infection "and others" diagnosed ≥ 48 hours after admission to ICU                                   14.5 NI episodes per 100 admissions                                                                                                  Not available                                                                                                      US\$10,015 attributable cost per case
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                (2003--2004)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

  Defez[@b31-dhps-4-141] Methodologic feature score = 15                                                 Retrospective case control                                   Matched 1:1 by age, sex, ward, LOS before infection, DRG, and McCabe index                                                     Lab tests, radiology, surgery, antimicrobial agents, rate per day of hospital bed                                                            Reimbursement from La Nomeclature Générale des Actes Professionnels and hospital pharmacy accounting database (€, 2004)       1703 infected patients from previous study; 30 randomly chosen for each infection site, total 150. One French hospital. (2001--2003)                               Patients with single-site nosocomial infection                                                                                        Not available                                                                                                                        Not available                                                                                                      Attributable cost (mean €) by site of infection, UTI: €574\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 Surgical site: €1814\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 Respiratory tract: €2421\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 Bloodstream: €953\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 Other: €1259

  Weber[@b32-dhps-4-141] Methodologic feature score = 17                                                 Prospective with nested case control                         Matched 1:1 by age ± 5 years, procedure code, and NNIS risk index                                                              LOS, ICU LOS, patient charges, antibiotic costs                                                                                              Microcosting from hospital accounting database (Swiss franc, assumed 2001)                                                    6283 surgical procedures in one Swiss hospital, 187 with SSI (2000--2001)                                                                                          All surgical site infections at one Swiss hospital                                                                                    3.0%                                                                                                                                 16.8 additional days                                                                                               Mean additional hospital cost was 19,638 Swiss francs

  Whitehouse[@b33-dhps-4-141] Methodologic feature score = 13                                            Prospective case control                                     Matched 1:1 by type of operative procedure, NNIS risk index, age ± 5, surgery within the same year, surgeon                    Total direct costs from database, representing sum of costs required to provide health care services                                         Hospital accounting database, microcosting (US\$, 1997)                                                                       59 cases, each matched with 1 control, in one US hospital (1997--1998)                                                                                             Orthopedic SSI: superficial incisional, deep incisional, or organ/space                                                               Literature rates of SSI following orthopedic surgery: 0.7% (low-risk, hip replacement) to 7.9% (high-risk, spinal fusion)            Median 1 extra day during initial hospital stay, median of 14 extra days during follow-up period                   Median direct cost was US\$24,344 for a case, compared with US\$6636 for uninfected patients

  Mahmoud[@b34-dhps-4-141] Methodologic feature score = 12                                               Retrospective analytic cohort                                Logistic regression                                                                                                            Medical and surgical procedures, hotel costs, nursing, pharmacy, ICU, supplies, lab procedures                                               Large US hospital database: Premier Perspective database (US\$, 2005/6)                                                       25,825 patients undergoing colorectal procedures, of which 956 have SSI, in US database of 196 hospitals (Jan 2005--Jun 2006)                                      Incisional SSIs, superficial or deep as defined by the US CDC                                                                         SSI incidence: 3.7%                                                                                                                  LOS with postoperative complications is 3--11 days longer than without                                             Mean total direct costs incurred by treating SSI: US\$13,746

  Penel[@b35-dhps-4-141] Methodologic feature score = 15                                                 Prospective cohort with a post hoc analysis                  Unclear                                                                                                                        LOS. Estimation of per diem cost, including rooming, lab, medications and procedure costs                                                    Macro costing: LOS multiplied by estimation of per diem cost (€, 2005)                                                        261 head/neck cancer surgery patients in one hospital\                                                                                                             Based on the CDC 1992; SSI, PP                                                                                                        SSI: 36%\                                                                                                                            SSI: 16 days in additional mean LOS\                                                                               SSI: €16,000 increase in mean direct medical costs\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                SSI: 94\                                                                                                                                                                                                                                                                                                 PP: 13%\                                                                                                                             PP: 17 days\                                                                                                       PP: €17,000\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                PP: 34\                                                                                                                                                                                                                                                                                                  SSI and PP: 5%                                                                                                                       SSI and PP: 31 days                                                                                                Both SSI and PP: €35,000
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                SSI and PP: 13 (Jan 1997--Dec 1999)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Jenney[@b36-dhps-4-141] Methodologic feature score = 11                                                Retrospective cohort with nested case control                Matched 1:1 by sex, age ± 5, NNIS risk index scores                                                                            LOS, antibiotic costs, salaries, utilities and overhead costs                                                                                Hospital finance department (AU\$, 1999)                                                                                      1377 CABG procedures, of which 956 had a SSI; 125 cases in an AU hospital (1996--1998)                                                                             SSI after CABG, defined according to the CDC                                                                                          SSI incidence: 9.1%                                                                                                                  1.36 mean additional days                                                                                          Mean excess cost: AU\$12,419/case

  Olsen[@b37-dhps-4-141] Methodologic feature score = 12                                                 Retrospective cohort                                         Generalized least squares and propensity score matched-pairs                                                                   Department actual cost components multiplied by patient charge codes (pharmacy, room and board, procedures)                                  Barnes-Jewish Hospital cost accounting database (US\$, 2008)                                                                  1616 women who under-went low transverse cesarean delivery at one tertiary care hospital, SSI: 81\                                                                 Patients diagnosed with SSI and/or EM after surgery                                                                                   Incidence of SSI: 5.0% EM: 7.6%                                                                                                      Not available                                                                                                      SSI: attributable cost US\$3529 by generalized least squares, US\$2852 by propensity method. EM: US\$3956 by generalized least squares, US\$3842 by propensity method
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                EM: 123 (Jul 1999--Jun 2001)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

  **Nosocomial bloodstream infections**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

  Chen[@b22-dhps-4-141] Methodologic feature score = 15                                                  Retrospective analysis of a prospectively assembled cohort   Generalized linear modeling                                                                                                    Medical and surgical procedures, medications, lab investigation, ICU bed-days                                                                Hospital database, microcosting (US\$, 2007, converted from Taiwanese dollars)                                                401 NIs in 320 of 2757 patients, in 4 ICUs in one hospital in Taiwan (2003--2004)                                                                                  BSI, UTI, SSI, respiratory tract infection "and others" diagnosed ≥ 48 hours after admission to ICU                                   14.5 NI episodes per 100 admissions                                                                                                  Not available                                                                                                      US\$10,015 attributable cost per case

  Defez[@b31-dhps-4-141] Methodologic feature score = 15                                                 Retrospective case control                                   Matched 1:1 by age, sex, ward, LOS before infection, DRG, and McCabe index                                                     Lab tests, radiology, surgery, antimicrobial agents, rate per day of hospital bed                                                            Reimbursement from La Nomeclature Générale des Actes Professionnels and hospital pharmacy accounting database (€, 2004)       1703 infected patients from previous study; 30 randomly chosen for each infection site, total 150.\                                                                Patients with single-site nosocomial infection                                                                                        Not available                                                                                                                        Not available                                                                                                      Attributable cost (mean €) by site of infection, UTI: €574 Surgical site: €1814 Respiratory tract: €2421 Bloodstream: €953 Other: €1259
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                One French hospital. (2001--2003)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

  Blot[@b38-dhps-4-141] Methodologic feature score = 18                                                  Retrospective case control                                   Linear regression analysis, and matched 1:1 or 1:2 by APACHE II score, principal diagnosis, ICU LOS                            Duration of mechanical ventilation, LOS, hospital costs                                                                                      Patient hospital invoices (€, 2002)                                                                                           36,836 patients (192 cases) were admitted to one general ICU in Belgium. (1992--2002)                                                                              Catheter-related bloodstream infection: positive culture results and clinical signs of sepsis                                         5.2 cases BSI per 1000 admissions, or 1 case per 1000 catheter-days                                                                  10 days attributable                                                                                               Attributable costs €13,585

  Orsi[@b39-dhps-4-141] Methodologic feature score = 15                                                  Retrospective case control                                   Matched 1:2 by pre-infection LOS, primary diagnosis, ward, CVC, age ± 5, sex                                                   Single-day hospital cost, increased LOS                                                                                                      Data from clinical and micro-biological records collected by infection control team (€, year unclear)                         105 included cases, each matched with 2 controls at one teaching hospital in Rome, Italy (Jan 1994--Jun 1995)                                                      Bloodstream infection: isolated pathogen(s) in the blood, plus one or more related symptom, ≥48 hours after admission                 Diagnosed in 2% of screened patients                                                                                                 Attributable LOS 19.1--19.8 days (mean), 13--15 days (median)                                                      Attributable €15,413 expenditure per case

  Pirson[@b40-dhps-4-141] Methodologic feature score = 9                                                 Retrospective case control                                   Matched (ratio unstated) by APR-DRG                                                                                            Administrative, general services costs, medical charges, LOS, drugs                                                                          Hospital cost centers, medical records data and invoicing data (€, 2001)                                                      46 cases of HAB in one Belgian hospital (2001)                                                                                                                     An infection of bacteremia developed ≥ 48 hours after admission                                                                       0.56% incidence                                                                                                                      21.1 additional days                                                                                               Average attributable costs: €12,853

  Pirson[@b41-dhps-4-141] Methodologic feature score = 12                                                Retrospective case control                                   Matched 1:1 by APR-DRG and severity of illness                                                                                 Salaries, hotel costs, drugs, ICU, medical and surgical procedures, laboratory, diagnostics                                                  Université Libre de Bruxelles costing database (€, 2003)                                                                      326 cases in 2003 and 277 cases in 2004; 3 Belgian hospitals (2003 and 2004)                                                                                       Cases were defined as bacteremia that developed ≥ 48 hours after admission                                                            Incidence of HAB: 1.4% and 1.2% in 2003 and 2004                                                                                     Attributable LOS: 6.1 days (ICU); 30 days (non-ICU)                                                                Mean additional cost of HAB was €16,709

  Kilgore[@b42-dhps-4-141] Methodologic feature score = 12                                               Retrospective cohort                                         Regression analysis                                                                                                            "Fixed and variable costs of care"                                                                                                           Hospital accounting database (US\$, 2006)                                                                                     1,355,647 admissions during 69 months from 55 hospital databases (Mar 2001-- Jan 2006)                                                                             Nosocomial BSIs, nonduplicate isolate collected ≥ 3 days after admission                                                              Nosocomial BSIs identified in 0.93% of admissions                                                                                    Not available                                                                                                      Incremental costs: US\$19,427

  Elward[@b43-dhps-4-141] Methodologic feature score = 15                                                Prospective cohort                                           Multiple linear regression analysis                                                                                            Direct medical costs of pediatric ICU and hospital-stay                                                                                      Hospital accounting database (US\$, 1999/2000)                                                                                911 admissions, including 56 case patients under age 18 in one US PICU (Sep 1, 1999--May 31, 2000)                                                                 Bloodstream infections in PICU patients, recognized pathogen isolated from blood \> 48 hours postadmission                            Rate of BSI: 13.8 per 1000 central venous catheter days                                                                              Not available                                                                                                      Attributable PICU direct costs: US\$39,219

  Payne[@b44-dhps-4-141] Methodologic feature score = 15                                                 Retrospective cohort                                         Multiple regression                                                                                                            Charges converted to costs                                                                                                                   Hospital charges (converted to costs), Centers for Medicare and Medicaid Services (US\$, 1999)                                2809 VLBW infants in 17 NICUs, 553 with nosocomial BSI (1998--1999)                                                                                                BSI after 3rd postnatal day, with symptoms of infection and 5+ days antibiotic treatment after diagnosis                              Nosocomial BSI: 19.7%                                                                                                                The mean additional LOS of VLBW infants with BSI was 32.5 days                                                     The mean attributable cost was US\$54,539

  Chu[@b45-dhps-4-141] Methodologic feature score = 16                                                   Prospective case series                                      Not stated                                                                                                                     All infection-related diagnostic tests and surgical procedures, inpatient and outpatient costs                                               Hospital accounting system (US\$, 2002)                                                                                       298 patients with a prosthetic implant and *S. aureus* bacteremia (nosocomial acquired) (Sep 1994--Sep 2002)                                                       Positive blood culture for *S. aureus* bacteremia, ≥72 hours postadmission, in a patient with ≥1 prosthetic implant                   Not available                                                                                                                        Mean 33 additional days                                                                                            Attributable cost per case: US\$67,439

  **Nosocomial sepsis**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

  Adrie[@b46-dhps-4-141] Methodologic feature score = 20                                                 Retrospective analytic cohort of prospective database        Model, multiple linear regression                                                                                              Direct ICU and medical costs, unit costs of ICU resources, overheads and other fixed costs                                                   Prospective database, microcosting (€, 2001. 1€ = 1 US\$)                                                                     Of 1698 patients hospitalized for more than 48 hours in 6 ICUs, 340 had sepsis. (Apr 1997--Dec 2000)                                                               Severe sepsis: infection, ≥2 criteria for systemic inflammatory response syndrome and ≥1 criterion for organ dysfunction              20.0%                                                                                                                                Not available                                                                                                      US\$27,510

  Brun-Buisson[@b47-dhps-4-141] Methodologic feature score = 15                                          Prospective cohort with retrospective measurement of costs   Costing model (Chaix et al, 1999)                                                                                              All resources used and direct costs (of fluids, drugs, blood products and procedures)                                                        Hospital accounting database and previously built costing model created in this ICU (€, 2001)                                 424 patients in one Paris, France ICU (1997--1998)                                                                                                                 Patients with sepsis, clinically or microbiologically documented, ≥48 hours after admission                                           ICU-acquired sepsis: 23%                                                                                                             19 additional days compared to patients with no sepsis                                                             Nosocomial cases incurred average total costs were €39,908 higher than patients with no sepsis

  **Nosocomial rotavirus infection**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Festini[@b48-dhps-4-141] Methodologic feature score = 14                                               Prospective cohort                                           Unclear                                                                                                                        LOS, estimated cost of hospital day based on DRG, lost productivity of patients' parents                                                     Hospital accounting databases, wage data provided by Italian Central Bank (€, year unclear)                                   608 children under 30 months of age in four Italian hospitals (2006--2008)                                                                                         Hospital-acquired, positive rapid rotavirus testing                                                                                   Incidence of nRVI was 5.3%                                                                                                           1.7 attributable days                                                                                              National burden of nosocomial rotavirus in Italy, based on attributable LOS, is estimated at €8,019,155

  Fruhwirth[@b49-dhps-4-141] Methodologic feature score = 13                                             Prospective case series                                      Unclear                                                                                                                        Direct medical costs, direct nonmedical eg, food, indirect costs eg, productivity loss                                                       Hospital database, microcosting (€, 1997/1998)                                                                                33 cases of nosocomial rotavirus infection in children \< 48 months, in Austria (Dec 1997-- May 1998)                                                              Rotavirus-positive diarrhea, nosocomial if onset was \>48 hours after admission                                                       Risk for contracting nRVI was 2.59 per 1000 hospital days during peak rotovirus season (Dec--May), \<48 months of age                Not available                                                                                                      Case cost average €2442

  Piednoir[@b50-dhps-4-141] Methodologic feature score = 15                                              Prospective cohort with nested case control                  Matched 1:1 by primary diagnoses, date of admission ± 7 days, age ± 3 months, sex, pre-infection LOS                           All expenses sustained by the hospital: medical, preventative, staff costs and fixed costs                                                   Medical records and hospital accounting database (€, 2001/2002)                                                               23 cases matched 1:1, in one French pediatric hospital (Dec 1, 2001-- Mar 31, 2002)                                                                                Rotavirus-positive stool via qualitative enzyme-linked immunosorbent assay (ELISA) ≥48 hours postadmission                            Attack rate: 6.6% Incidence: 15.8 per 1000 hospital days                                                                             4.9 additional days                                                                                                Mean attributable cost due to nosocomial rotavirus infection: €1930

  **Nosocomial urinary tract infections**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

  Chen[@b22-dhps-4-141]\                                                                                 Retrospective analysis of a prospectively assembled cohort   Generalized linear modeling                                                                                                    Medical and surgical procedures, medications, lab investigation, ICU bed-days                                                                Hospital database, microcosting (US\$, 2007, converted from Taiwanese dollars)                                                401 NIs in 320 of 2,757 patients, in 4 ICUs in one hospital in Taiwan (2003--2004)                                                                                 BSI, UTI, SSI, respiratory tract infection "and others" diagnosed ≥ 48 hours after admission to ICU                                   14.5 NI episodes per 100 admissions                                                                                                  Not available                                                                                                      US\$10,015 attributable cost per case
  Methodologic feature score = 15                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

  Defez[@b31-dhps-4-141] Methodologic feature score = 15                                                 Retrospective case control                                   Matched 1:1 by age, sex, ward, LOS before infection, DRG, and McCabe index                                                     Lab tests, radiology, surgery, antimicrobial agents, rate per day of hospital bed                                                            Reimbursement from La Nomeclature Générale des Actes Professionnels and hospital pharmacy accounting database (€, 2004)       1703 infected patients from previous study; 30 randomly chosen for each infection site, total 150.\                                                                Patients with single-site nosocomial infection                                                                                        Not available                                                                                                                        Not available                                                                                                      Attributable cost (mean €) by site of infection UTI: €574\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                One French hospital. (2001--2003)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                Surgical site: €1814\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 Respiratory tract: €2421\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 Bloodstream: €953\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 Other: €1259

  Tambyah[@b51-dhps-4-141] Methodologic feature score = 15                                               Prospective cohort data analyzed retrospectively             Patient records reviewed by investigators                                                                                      Laboratory costs, LOS, medications                                                                                                           Hospital charges were converted to costs via cost-to-charge ratio (US\$, 1998)                                                1497 catheterized patients in one US university hospital, of which 223 had UTI (1997--1998)                                                                        Nosocomial UTI, defined as new bacteriuria or funguria exceeding 10^3^ CsFU/mL                                                        14.9% of catheterized patients                                                                                                       Not available                                                                                                      Average attributable treatment cost: US\$589

  Morse[@b52-dhps-4-141] Methodologic feature score = 9                                                  Retrospective cohort                                         Unclear                                                                                                                        Only "overall costs" of hospital stay after operation; not detailed further                                                                  Hospital case costing system (US\$, year unstated)                                                                            118 bowel surgery patients aged 65 to 79, and 33 aged \> 80, with Medicare in one hospital; total of 64 patients experience a "never event" (Jan 2008--Mar 2009)   "Never events:" hospital-acquired complications that are not reimbursed by Medicare                                                   42.4% of study patients experienced a "never event"                                                                                  Not available                                                                                                      Catheter-related UTI: US\$14,300 extra costs; vascular catheter infection: US\$16,400 extra costs

  **Nosocomial pneumonia**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

  Rosenthal[@b53-dhps-4-141] Methodologic feature score = 13                                             Prospective with nested case control                         Matched 1:1 by ICU type, hospital and year of admittance, sex, age, and severity of illness score                              Fixed cost per bed-day, defined daily antibiotic doses, LOS                                                                                  Hospital finance department (Argentinian pesos \[\$\], year unclear)                                                          307 case patients (pneumonia), 307 control patients in 3 hospitals over 5 years (1998--2002)                                                                       Nosocomial pneumonia according to definition from the CDC                                                                             5.79% developed nosocomial pneumonia                                                                                                 Mean 8.95 additional days                                                                                          Mean attributable cost for cases was ARS\$2255

  Penel[@b35-dhps-4-141] Methodologic feature score = 15                                                 Prospective cohort with a post hoc analysis                  Unclear                                                                                                                        LOS. Estimation of per diem cost, including rooming, lab, medications and procedure costs                                                    Macro costing: LOS multiplied by estimation of per diem cost (€, 2005)                                                        261 head/neck cancer surgery patients in one hospital\                                                                                                             Based on the CDC 1992; SSI, PP                                                                                                        SSI: 36%\                                                                                                                            SSI: 16 days in additional mean LOS\                                                                               SSI: €16,000 increase in mean direct medical costs PP: €17,000\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                SSI: 94\                                                                                                                                                                                                                                                                                                 PP: 13%\                                                                                                                             PP: 17 days\                                                                                                       Both SSI and PP: €35,000
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                PP: 34\                                                                                                                                                                                                                                                                                                  SSI and PP: 5%                                                                                                                       SSI and PP: 31 days                                                                                                
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                SSI and PP: 13 (Jan 1997--Dec 1999)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Dietrich[@b54-dhps-4-141],[b](#tfn8-dhps-4-141){ref-type="table-fn"} Methodologic feature score = 14   Prospective case control                                     Matched 1:1 based on severity of disease, age, primary ward, status of ventilation, immunosuppression, sex, LOS                All resources consumed for diagnosis, treatment, nursing and hospital stay, including materials and personnel                                Hospital accounting database (DM, 1998/1999)                                                                                  48 cases and 66 controls (resulting in 29 matched pairs) in one German teaching hospital, 5 ICUs (May 1998-- Mar 1999)                                             Nosocomial pneumonia, diagnosed according to the criteria of the CDC                                                                  Not available                                                                                                                        5.00 additional ventilation days, 6.55 additional days in ICU and 7.40 additional days in hospital                 Attributable cost per case: DM 14,606 from the hospital perspective

  Dietrich[@b54-dhps-4-141],[b](#tfn8-dhps-4-141){ref-type="table-fn"} Methodologic feature score = 14   Retrospective case control                                   Matched 1:1 based on severity of disease, age, primary ward, status of ventilation, immunosuppression, sex, LOS                All resources consumed for diagnosis, treatment, nursing and hospital stay, including materials and personnel                                Hospital accounting database (DM, 1998/1999)                                                                                  37 matched pairs in one German teaching hospital, admitted to one of 2 neurosurgical wards (Feb 1997--Dec 1998)                                                    Nosocomial pneumonia, diagnosed according to the criteria of the CDC                                                                  Not available                                                                                                                        5.00 additional ventilation days, 14.03 additional days in ICU and 10.14 additional days in hospital excess days   Attributable cost per case: DM 29,610 from hospital perspective

  Brilli[@b55-dhps-4-141] Methodologic feature score = 15                                                Retrospective case control                                   Matched by primary and underlying diagnoses, ventilation days. When possible: surgical procedure, PRISM score, age, sex        Hotel costs, surgical, medical and laboratory procedures, supplies, blood products, radiology, other professional fees                       Microcosting from hospital accounting database (US\$, year unspecified)                                                       13 case patients matched to control patients 1:1 in one pediatric ICU (FY 2005--FY 2007)                                                                           Pediatric ICU patients with VAP                                                                                                       7.8 cases per 1000 ventilator days in FY 2005                                                                                        8.7 attributable days                                                                                              Attributable VAP costs per patient: US\$51,157.

  **Nosocomial respiratory tract infection**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

  Defez[@b31-dhps-4-141] Methodologic feature score = 15                                                 Retrospective case control                                   Matched 1:1 by age, sex, ward, LOS before infection, DRG, and McCabe index                                                     Lab tests, radiology, surgery, antimicrobial agents, rate per day of hospital bed                                                            Reimbursement from La Nomeclature Générale des Actes Professionnels and hospital pharmacy accounting database (€, 2004)       1703 infected patients from previous study; 30 randomly chosen for each infection site, total 150. One French hospital. (2001--2003)                               Patients with single-site nosocomial infection                                                                                        Not available                                                                                                                        Not available                                                                                                      Attributable cost (mean €) by site of infection, UTI: €574\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 Surgical site: €1814\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 Respiratory tract: €2421\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 Bloodstream: €953\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 Other: €1259

  Chen[@b22-dhps-4-141] Methodologic feature score = 15                                                  Retrospective analysis of a prospectively assembled cohort   Generalized linear modeling                                                                                                    Medical and surgical procedures, medications, lab investigation, ICU bed-days                                                                Hospital database, microcosting (US\$, 2007, converted from Taiwanese dollars)                                                401 NIs in 320 of 2757 patients, in 4 ICUs in one hospital in Taiwan (2003--2004)                                                                                  BSI, UTI, SSI, respiratory tract infection "and others" diagnosed ≥ 48 hours after admission to ICU                                   14.5 NI episodes per 100 admissions                                                                                                  Not available                                                                                                      US\$10,015 attributable cost per case

  McCartney[@b56-dhps-4-141] Methodologic feature score = 15                                             Case control                                                 Matched 1:1 by age, principal discharge diagnosis, same RSV season, number of secondary diagnoses                              Direct medical costs                                                                                                                         Hospital accounting database (US\$, 1996)                                                                                     All patients admitted to one Philadelphia pediatric hospital over 8 RSV seasons (1988--1996)                                                                       Nosocomial RSV infection                                                                                                              88 nosocomial RSV cases out of 90,174 patients                                                                                       Attributable LOS for nosocomial RSV was 7.8 days                                                                   Mean attributable cost to hospital per RSV NI was US\$9419/case

  **Miscellaneous nosocomial infections**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

  Bou[@b57-dhps-4-141] Methodologic feature score = 13                                                   Retrospective case series                                    Multiple linear regression analysis                                                                                            ICU hospital costs only: treatments and diagnostic procedures                                                                                Hospital finance department, microcosting (€, year unspecified)                                                               67 ICU patients during a *P. aeruginosa* outbreak at one ICU in Spain (Jul-- Sep 2003)                                                                             Any patient who developed the infection after ≥48 hours mechanical ventilation                                                        Incidence of outbreak associated with pseudomonas infection; 17/67                                                                   38 additional days                                                                                                 €18,408 average extra ICU costs per case patient

  Fretz[@b58-dhps-4-141] Methodologic feature score = 16                                                 Retrospective case series                                    Unclear                                                                                                                        Revenue loss, nursing, diagnostic procedures, pharmacy, costs of creating an isolation ward                                                  Hospital department-specific costs (€, year unspecified)                                                                      90 infected patients and staff of an Austrian hospital during a norovirus outbreak (Dec 2006-- Feb 2007)                                                           Positive stool specimen for norovirus ≥ 48 hours following admission                                                                  Not applicable                                                                                                                       Not available                                                                                                      The total cost of the outbreak for the Department of Internal Medicine was €80,138

  Zingg[@b59-dhps-4-141] Methodologic feature score = 17                                                 Retrospective case control                                   Matched 1:2 by age, sex, LOS, underlying disease category                                                                      Direct impact on hospital resources: loss of revenue, additional microbiological diagnosis                                                   Hospital database, microcosting (US\$, 2002)                                                                                  16 case patients and 32 control patients during a norovirus outbreak (2001 and 2002)                                                                               A person who developed acute diarrhea, nausea and vomiting during the norovirus outbreak                                              Attack rate 13.9% among patients and 29.5% among health care workers                                                                 Not available                                                                                                      US\$2452 per case (derived from US\$40,675 total direct outbreak costs ÷ 16 case patients)

  Anil[@b60-dhps-4-141] Methodologic feature score = 12                                                  Retrospective case control                                   Matched 1:1 based on birth weight ± 10%, sex, gestational age ± 2 weeks, ventilation, anti-microbial therapy, use of CVC/TPN   Charges per patient and actual financial burden of outbreak; not detailed further                                                            Hospital discharge abstracts via the hospital's central finance service (US\$, assumed 2005)                                  22 cases in one Turkish NICU, drug-resistant *S. typhimurium* outbreak (Mar 15--29, 2005)                                                                          Positive stool/rectal swab or fluid culture for *S. typhimurium*                                                                      Attack rate 30.5%                                                                                                                    9.8 additional days                                                                                                US\$1081.84 more charges per case compared to control

  Baggett[@b61-dhps-4-141] Methodologic feature score = 18                                               Retrospective case series                                    Interviews with hospital staff and review of contact tracing logs                                                              Direct costs: personnel time, laboratory and medication costs; Indirect: hospital staff furloughs                                            Hospital database, microcosting (US\$, 2004)                                                                                  Two hospitals experiencing a nosocomial pertussis outbreak (Jul 25-- Sep 15, 2004)                                                                                 A cough illness lasting ≥ 14 days with symptoms of whooping cough and/or isolation of *B. pertussis* or confirmed by PCR or culture   Incidence was 10/1475 persons exposed                                                                                                Not available                                                                                                      Attributable cost per nosocomial case, Hospital A: US\$43,893 Hospital B: US\$30,282

  Spearing[@b62-dhps-4-141] Methodologic feature score = 15                                              Retrospective cohort                                         Unclear                                                                                                                        Direct costs including medical costs, outbreak investigation, lost productivity costs, and misc                                              Medical records data and Medicare costs (AU\$, 1996)                                                                          52 cases in a 600-bed tertiary care complex during an outbreak of *Salmonella* (Dec 1996)                                                                          Not detailed; cases of *Salmonella* during the outbreak                                                                               Not available                                                                                                                        Not available                                                                                                      AU\$2308 (US\$1827) per case (total outbreak cost AU\$120,000 or US\$95,000 ÷ 52 cases)

  Wilson[@b63-dhps-4-141] Methodologic feature score = 13                                                Retrospective with nested case control                       Matched 1:1 to controls with ≥20% total body surface burns                                                                     Hospital charges converted to costs                                                                                                          Hospital finance department; unclear costing methods (US\$, 2001)                                                             34 burn patients (Jan--Dec 2004)                                                                                                                                   Hospital-acquired nosocomial MDRAB infection                                                                                          16% of 217 burn patients acquired MDRAB infection                                                                                    11 additional days                                                                                                 Mean additional cost: US\$98,575

  Watters[@b64-dhps-4-141] Methodologic feature score = 13                                               Retrospective cohort                                         Unclear                                                                                                                        Antibiotics, high dependency unit and intensive therapy unit facility use, prolonged LOS                                                     Unspecified, presumably hospital accounting/finance database (GBP, year unstated)                                             55 patients who had undergone head and neck surgery in one Irish hospital (over 1 year; year unspecified)                                                          Positive MRSA screening in postoperative period after head and neck surgery                                                           25 patients (45%) became MRSA positive in the postoperative period                                                                   Difference in mean LOS: 45 days                                                                                    Attributable cost: £6485 Mean extra antibiotic cost: £1700

  Mauldin[@b65-dhps-4-141] Methodologic feature score = 17                                               Retrospective case series                                    Segmented regression analysis for interrupted time series, univariate and multivariate                                         LOS, ICU LOS, drug costs, lab and medical procedures, adjusted hospital charges                                                              Hospital database (US\$, 2005)                                                                                                187 patients with MRSA, 19 patients with VRE infections in one US hospital (2000--2005)                                                                            Patients diagnosed with either VRE or MRSA                                                                                            Not available                                                                                                                        Not available                                                                                                      Total mean costs, MRSA patients: US\$110,493\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 VRE patients: US\$115,260

  Vonberg[@b66-dhps-4-141] Methodologic feature score = 13                                               Prospective with nested case control                         Matched 1:3 by DRG in 2006, pre-infection LOS, Charlson comorbidity index                                                      "General charge for each day of care," and "some patient costs" (unclear)                                                                    Hospital finance department (€, year unstated)                                                                                45 CDAD cases, 1:3 case: control in one German tertiary care hospital (Jan--Dec 2006)                                                                              Positive EIA or culture for CDAD, nosocomial if onset is ≥72 hours after admission                                                    10%--16% of patients are carriers of *C. difficule,* at risk for CDAD; incidence of CDAD not available                               Median 7 additional days                                                                                           Median incremental cost: €7147/CDAD case

  Puzniak[@b67-dhps-4-141] Methodologic feature score = 20                                               Case control                                                 Matched 1:1 by DRG, APACHE II score, age                                                                                       Patient's total hospitalization costs, microbiology costs, health care staff time, LOS, and MICU LOS                                         Hospital database, step-down cost allocation system (US\$, year unstated)                                                     Patients admitted ≥ 24 hours to a US MICU (Jul 1, 1997--Dec 31, 1999)                                                                                              Positive screening for VRE                                                                                                            Not available                                                                                                                        4 attributable MICU days 8.3 attributable hospital days                                                            MICU: US\$7873 attributable Hospital: US\$11,989 attributable

  Fuller[@b68-dhps-4-141] Methodologic feature score = 14                                                Retrospective cohort                                         Linear regression model                                                                                                        Charges converted to costs                                                                                                                   Health Services and Cost Review Commission, Maryland; Office of Statewide Planning and Development, California (US\$, 2008)   Of 2,496,212 admissions about 139,788 had a complication 54,971 had multiple complications (Maryland: FY2008; California: FY2006)                                  Any negative event or outcome that results from the process of inpatient care                                                         4.0%--5.6% of patients had 1 hospital-acquired potentially preventable complication; Another 1.6%--2.2% had multiple complications   Not available                                                                                                      Maryland: US\$626,416,710 (9.63% of total claims) associated with potentially preventable complications

  **Nosocomial venous thromboembolism**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

  Caprini[@b69-dhps-4-141] Methodologic feature score = 18                                               Decision analysis (Markov)                                   Univariate analysis                                                                                                            Patient care protocols, health care staff time, diagnostic tests, supplies, hospitalizations, procedures                                     Literature data (US\$, year unstated)                                                                                         Two hypothetical cohorts similar to all US patients undergoing total hip replacement surgery in the US (1995--1996)                                                DVT                                                                                                                                   Unclear                                                                                                                              Unclear                                                                                                            Annual per-patient cost of DVT: US\$3798

  MacDougall[@b70-dhps-4-141] Methodologic feature score = 16                                            Retrospective observational cohort study                     Linear model with log-link function and gamma distribution                                                                     Treatment strategy, length of hospital stay, physician office, emergency room, outpatient claims, ancillary services, pharmacy utilization   Actual health care plan payments for services only                                                                            16,063 DVT alone, 7889 PE alone, 3006 DVT and PE (Jan 1, 1997--Mar 31, 2004)                                                                                       DVT and PE                                                                                                                            Unclear                                                                                                                              Mean LOS\                                                                                                          Annual direct medical costs of US\$16,832 (\$24,411 CAN) for DVT, US\$18,221 (\$26,426 CAN) for PE, US\$24,874 (\$36,074 CAN) for combined DVT and PE, and US\$4726 (\$6854 CAN)
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              DVT = 10 days, PE = 9 days, DVT and PE = 10 days                                                                   

  **Nosocomial related falls**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

  Nadkarni[@b71-dhps-4-141] Methodologic feature score = 12                                              Case series                                                  Unclear                                                                                                                        Operation procedures, nonoperative treatment, LOS                                                                                            Southport and Ormskirk Hospital Risk Management Department; Hospital Finance Department (GBP, year unspecified)               42 cases, of Southport and Ormskirk Hospital Risk Management Department incident forms (Jan 2000--Dec 2002)                                                        Orthopedic injuries sustained by in-patients falling on the hospital wards                                                            Not available                                                                                                                        Mean 4.1, median 3 additional weeks                                                                                £1667 per case (total £70,000/42 cases)

  Oliver[@b72-dhps-4-141] Methodologic feature score = 13                                                Case series                                                  N/A                                                                                                                            Legal payments                                                                                                                               NHS Litigation Authority Database of clinical negligence claims (GBP, year unspecified)                                       479 clinical negligence claims resulting from in-hospital falls in England (1995--2006)                                                                            Any closed clinical negligence claim resulting from in-hospital falls within the time period                                          Not applicable                                                                                                                       Not applicable                                                                                                     60.5% of claims resulted in payment of costs or damages, with mean payment £12,945/claim

  Nurmi[@b73-dhps-4-141] Methodologic feature score = 13                                                 Prospective cohort                                           Unclear                                                                                                                        Emergency room visits, outpatient visits, LOS, radiology                                                                                     Hospital accounting database (€, 1999)                                                                                        554 falls occurred among 218 patients treated in four institutions in Finland during study period (Feb 1, 1993--Jan 31, 1994)                                      Falls among ambulatory patients over 60 years within the study period                                                                 1398 falls per 1000 person years. 30% of falls resulted in injury                                                                    Not available                                                                                                      Average cost per treating a fall: €944
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:**

61 studies in total, of which three reported outcomes for more than one type of infection, therefore the total listed in [Table 2](#t2-dhps-4-141){ref-type="table"} is 68;

Dietrich, 2002 is one paper detailing two different studies. The studies were separated in this table for clarity;

only gives incidence of PTS, PEs given post-surgical DVT.

**Abbreviations:** ADE, adverse drug event; AE, adverse event; APACHE, Acute Physiology and Chronic Health Evaluation; APR, all patient refined; ARS, Argentine peso; AU, Australian; BSI, blood stream infection; CABG, coronary artery bypass graft; CDAD, *Clostridium difficile*-associated disease; CDC, Centers for Disease Control and Prevention; CVC/TPN, central venous catheter/total parenteral nurtition; DM, Deutsche Mark; DRG, disease-related group; DVT, deep vein thrombosis; EM, endometriosis; FY, financial year; GBP, Great Britain Pound; HAB, hospital-acquired bacteremia; HAC, hospital-acquired complication; HAI, hospital-acquired infection; ICU, intensive care unit; JP, Japanese; LOS, length of stay; MICU, medical intensive care unit; MDRAB, multidrug-resistant *Acinetobacter bowmanii*; MRSA, methicillin-resistant *Staphylococcus aureus*; NHS, National Health Service; NI, nosocomial infection; NICU, neonatal ICU; NIM, Nosocomial Infection Marker; NNIS, National Nosocomial Infections Surveillance; nRVI, nosocomial rotovirus infection; NZ, New Zealand; PE, pulmonary embolism; PICU, perinatal ICU; PP, postoperative pneumonia; PTS, postthrombotic syndrome; RSV, respiratory syntactical virus; SCI, spinal cord injury; SSI, surgical site infection; SSTI, skin soft tissue infection; TSI, Transition Systems Incorporated; UTI, urinary tract infection; VAP, ventilator-associated pneumonia; VLBW, very low birth weight; VRE, vancomycin-resistant *Enterococcus*.
